Changes in the flora composition of the eastern and southern shore area of Lake Piaseczno, with predominantly agricultural and recreational land use in the lake catchment, were examined in the years 2003 and 2010. Multifaceted analysis of the flora was made with regard to its botanical, syntaxonomical, and ecological aspects, the identified species were assigned to different historical-geographical groups and range groups, as well as the flora synanthropisation, anthropophytisation and apophytisation indices were calculated and compared. Both the species number and the species floristic composition of the Lake Piaseczno shore zone changed in seven years. The fact that the value of the synanthropisation index remained at a similar level and a slight increase in the anthropophytisation index values are probably related to the decrease in tourist traffic in this area and the diminishing pressure from extensive agriculture.
INTRODUCTION
The increasing human pressure on the environment causes changes in the flora of natural biocoenoses and habitats, occurring increasingly and on a larger and larger scale (F u d a l a , 2009 ). The response of the flora at the level of plant communities, due to anthropopressure, involves changes in the range of existing natural communities as well as their simplified structure and species composition leading to their degeneration and the formation new species combinations, not naturally occurring anthropogenic communities (K o r n a ś , 1981). In areas of high natural and landscape qualities, mainly agriculture as well as stationary and unorganized tourism produce major changes in the natural flora. One of the effects of agricultural impact on the environment is the fragmentation of natural biocoenoses, creating the so-called environmental islands -parts of the natural ecosystem surrounded by areas with different ecological properties, often functioning as a valuable ecological refugium for many plant and animal species (P o u l i n , 2004). As a result of farming, there are also semi-natural meadows, pastures, and segetal communities accompanying agricultural plants. Chemicalization of agricultural production, including fertilization, leads to eutrophication of oligotrophic habitats and surface waters as well as to the destruction of specialized communities and to the spread of common eurybiont species (F u d a l i , 2009 ).
Intensive tourism induces major changes in the abiotic environment of a particular place. Increased water intake, the pressure of urban gutter water and air pollution all transform plant habitats. Habitat changes affect phytocoenoses causing their distortion, which contributes to the expansion of geographically alien species (F a b i s z e w s k i and K w i a t k o w s k i , 2001).
As a result of collecting, uprooting and treading plants as well as littering and habitat eutrophication, natural populations of many plant species are destroyed or weakened and hemerophilous plants spread, and near technical infrastructure (roads, alleys, passageways) -synanthropic plants (F u d a l i , 2009) .
The purpose of this study was to conduct floristic investigations in the eastern and southern shore area of Lake Piaseczno in order to determine changes occurring in this area under the constant influence of farming and tourism pressure.
STUDY AREA
Lake Piaseczno is located in the south-western part of the Łęczna-Włodawa Lakeland, which is a physiographic sub-unit of the Polesie Podlaskie macroregion (Fig. 1) . In Poland`s administrative division, it is situated in the Lublin province, in Ludwin District, and it is a part of the Łęczna Lakeland Landscape Park, functioning as the ecological area "Lake Piaseczno and its surroundings". Lake Piaseczno is classified as a very deep reservoir with a maximum depth of 38.8 m, with a large capacity (10.67 million m 3 ), dimictic -in the bradymictic type, and in terms of trophy -mesotrophic.
It usually represents good water quality of class I or II, and in terms of susceptibility to degradationclass I and II ("The annual report on the condition of the environment of the Lubelskie Voivodeship").
In the land use structure of this reservoir`s catchment, natural forms dominate with a predominance of forests and meadows and pastures (65%).
Arable land has a high share in land use because of low productivity of extensively used sandy, permeable soils.
There has been also an expansion in recreational areas which currently account for about 13% of the catchment area (F u r t a k and T u r c z y ń s k i , 1998).
From the north-west, the shore of Lake Piaseczno is adjacent to a degraded, transitional peat bog, now used as an investment area for recreational development (S e r a f i n , 2009).
The specificity of the climatic, biological and landscape factors has resulted in interest in this reservoir and its use for the purposes of stationary and unorganized recreation, which has largely affected the state of its environment.
The inflow of nutrients from agricultural and recreational activities started eutrophication processes and, as a result of that, Lake Piaseczno has changed into a water body with exceptionally transformed macrophyte communities (B a r y ł a and F i j a ł k o ws k i , 1995; C i e c i e r s k a et al. 2000) .
Similar changes can affect the shoreland flora which is a buffer for the inflow of nutrients from the drainage basin with specific land uses and thus divided into respective sectors: agriculture and marsh-forest (north-west), recreation (north-east), agriculture and recreation (east), forest and recreation (west).
MATERIALS AND METHODS
The field investigations were conducted in the years 2003 and 2010, in the spring and summer seasons. The object of the study was the eastern and southern shore area of Lake Piaseczno. A list of flora species was maintained for the shore zone of the lake with a width of 10 m and a length of about 1700 m (Fig. 1) . Fig. 1 Location of Lake Piaseczno -the study area and site [•] .
(Part of the Topographic Map of Poland, GGK, 136.21, 1977, as amended).
The study was conducted in stages, setting out sectors of 50 m in length. The observations were repeated several times, and the floristic inventories were updated three times during the season. Due to the specific structure of the location of resulting phytocoenoses and form of land use in the catchment, phytosociological investigations were not conducted and the study was focused on multilateral analysis of flora species composition in the studied area.
Due to the lack of clear differentiation in phytocoenoses along the length of the studied section of the lake shore, the floristic inventories in all the sectors were also harmonized. The species were identified using the key by R u t k o w s k i (2001), and botanical nomenclature followed M i r e k et al. 2002 .
In office investigations, the ecological indicator values of vascular plants (Z a r z y c k i et al. 2002) were used to determine the proportions of species belonging to different ecological groups (by using the following indices: light, moisture, acidity, trophic state, organic matter and soil texture), as well as various life-forms and syntaxonomic groups.
The species were assigned to historical-geographical and range groups (C h m i e l , 1993a, 1993b), and anthropogenic changes in the flora, expressed by the following indices: 
RESULTS
In the studied shore zone on the east and south side of Lake Piaseczno, a total of 110 ( Table 1) . Table 1 The species composition of the eastern and southern shore area of Lake Piaseczno, including the assignment of species to botanical classes and families in the years 2003 and 2010 Hemicryptophytes, whose share exceeded 50% during the investigations in both years, were predominant in the species composition of the flora; a large proportion of geophytes and therophytes were also observed (Table 2) .
Class
In both years, among the species belonging to the specific historical-geographical groups, apophytes were the most numerous group (about 40% of species), non--synanthropic spontaneophytes were much less recorded.
Among the species that were reported in the 2010 study and did not occur in 2003, apophytes had the largest percentage. Apophytes, together with anthropophytes, accounted for more than 50% of species recorded the first time (Table 3) . The number of species actually occurring in the study area 110 100 132 100 Table 3 The proportions of historical-geographical groups in the flora of the study area in the years 2003 and 2010 The flora synanthropisation index (determining the percentage proportion of antropophytes and apophytes) decreased in value from 52.7% in 2003 to 50% in 2010. The flora apophytisation index (determining the share of apophytes in the flora) also declined from 47.3% to 43.2%, while the flora antropophytisation index (determining the percentage of antropophytes) increased significantly from 3.6% to 6.8%.
In the flora of the studied area, 7 (in 2003) and 6 (in 2010) geographical (range) elements, in the strict meaning, were identified. Euro-Siberian, Middle-Siberian and cosmopolitan species had the largest proportion. Circumboreal species had a lower share and the remaining species were overlapping elements that go beyond the basic phytogeographical units (Table 4) .
The analysis of the geographical range of antropophytes showed that they were most strongly associated with Euro-Siberian boreal flora (33% and 36% of antropophytes) and the Central-European geographical group (21% and 23% of antropophytes). Cosmopolitan species also made up a significant proportion of the group of antropophytes (19%). Table 4 The proportions of geographical (range) The specific structure (qualitative and quantitative) of species in the phytocoenoses found in the research area did not allow us to carry out an accurate classification of syntaxa. However, in the flora there was noted a large share of species characteristic for the classes Alnetea glutinosa (20 and 20 species, alder and willow thickets) and Stellarietea mediae (13 and 15 species; this class includes anthropogenic nitrophilous field communities and ruderal annual plants), and for the alliance Alno-Ulmion (alluvial forests, 14 and 17 species).
The results of the analysis based on the indicator values (Z a r z y c k i et al. 2002) , describing the preferences of species, allowed us to find that hydrophilous plants, characteristic of both fresh soils and moist wet soils, were the main component of the flora. The plant species that colonized the shore zone of Lake Piaseczno -by their specific preferences -indicated nutrient rich soils (eutrophic) and moderately nutrient poor soils (mesotrophic), although the narrow range of ecological tolerance in relation to this factor characterized more than half of the species. The largest group of species indicated neutral soils with a pH of 6.0-7.0. According to the study of the organic matter content level and the soil granulometric composition, there was found a predominance of species preferring sandy clays and silty deposits as well as mineral-humic soils (at the same time, with a large proportion of species having a narrow range of ecological tolerance; (Table 4) .
DISCUSSION AND CONCLUSIONS
The environmental transformations in the Łęcz-na-Włodawa Lakeland are the results of many anthropogenic pressures, among which the changes in hydrology resulting from land drainage, the influence of the Wieprz-Krzna Canal system, and the consequences of coal mining are the most important (S e r a f i n , 2009).
At the local level, the status of catchment management associated with the intensity of agriculture and tourism affects fundamentally the state of lake ecosystems. In the case of Lake Piaseczno, the poor quality of permeable sandy podzolic soils, which is not conducive to agricultural intensification, plays the important role in groundwater nutrient enrichment (M i s z t a l and S m a l , 1995). Similarly, the change in Lake Piaseczno catchment management in the direction of tourism and recreation, at the expense of arable land, did not affect the decrease in the inflow of nutrients, but only changed their origin (S e r a f i n and C z e r n a ś , 2003). This is confirmed by the analysis of the ecological indicator values for vascular plants in the studied sections of the shore area in the years 2003 and 2010 , at the same time evidencing the typology of soils and the eutrophication of habitats once described as oligotrophic (F i j a ł k o w s k i , 1959).
The impact of agriculture and tourism on the natural environment of Lake Piaseczno is also confirmed by the presence of fragmented areas in the eastern and southern shore area which look like natural biocoenoses with a mosaic of arable land and uncultivated land used for recreation (beaches).
Changes in habitat conditions must therefore also affect anthropogenic changes in the ecosystems evidenced by transformations in the plant communities, including the synanthropisation, anthropophytisation and apophytisation processes of the flora.
One of the major risks which are inherent to progressive flora synanthropisation is the loss the original natural communities and species combinations. The encroachment of alien species is still observed, but their appearance only apparently increases species diversity in the habitats. The flora of the area is enriched only at the beginning of the process; the next step is usually the withdrawal of the native taxa under the pressure of competition from better adapted species (K o r n a ś , 1977).
Both the number of species and species composition of the flora of the Lake Piaseczno shore zone changed in seven years. The analysis of the collected information indicates a relatively fast exchange of components of the flora in the study area. The results of the present research show a significant share of native species characteristic for our geographical zone, but the appearance of taxa associated with anthropopressure and, above all, the increasing value of the flora anthropophytisation index may arouse concern.
According to K o r n a ś (1977), the number of apophytes found in a given area grows constantly with the increasing number of years of observation, as the number of observations of incidental components increases. The best indicator of flora synanthropisation must be the total number of all alien components recorded within the flora.
Comparing the results of the present study with the information given by other authors from other areas with varying degrees of anthropopressure (K l i m k o and B o z i o , 2003; K r y s z a k , 2004; G a m r a t and K o c h a n o w s k a , 2009), the flora synanthropisation index for the study area was not high. This is probably associated with a decrease in tourist traffic in this area and diminishing pressure from extensive agriculture. 
